Introduction
The perovskite type layer compounds [C /) H 2n+1 NH 3 ] 2 CdCl 4 and [NH 3 (CH 2 ) ln NH 3 ]CdCl 4 have attracted a great deal of attention for many years. For alkylammonium and alkylenediammonium tetrachlorocadmates, an extensive study by 1 H NMR on the phase transitions was reported by Blinc et al. [1] , In these tetrachlorocadmates, phase transitions originate from the dynamics of the NH 3 + groups which form hydrogen bonds with the halogen atoms of the anion layers and hindered rotational Reprint requests to Prof. H. Ishihara. motions of the entire alkyl or alkylene groups around the long molecular axis. The crystal structure and phase transition of [«-C 3 H 7 NH 3 ] 2 CdCl 4 have been investigated by Chapuis [2] and the crystal structure of [NH 3 (CH 2 ) 3 NH 3 ]CdCl 4 by Willett [3] , In recent time we have studied a number of complex salts with the bromocadmate anions [CdBr, + J"~ by 79 ' 81 Br NQR and X-ray diffraction, and a variety of polymer anion structures [4] [5] [6] [7] or the isolated [CdBr 4 ] 2~ ion structure have been observed [8] . In the following, we report on 79 2 T,klb*c*)}.
The hydrogen atoms have been determined in the least squares refinements of the structures by fixing the bond lengths of X-H and bond angles in which H atoms are involved. H R,(l) Rr<2> 4c,Br (1) , Br (2) C* N, H atoms in 8d
Cd in 4a; Br (2) . ( 
Experimental
The title compounds were synthesized from commercial amines (Aldrich), CdBr 2 , and HBr. The compound was crystallized from the solution in air at pH = 3. Compound (2) was kept with P 2 0 5 in a desiccator to avoid the oxidation of the amine. The results (2) 350 (3) 350(3) 434(3) 0 2(2) 0 Br (3) 387 (2) 302(2) 
Atom

Results
Crystal
Structure [H 3 N(CH 2 ) 3 NH 3 ]CdRr 4 (\)
In Table 1 the experimental details and some crystallographic data are given for the title compounds. the chloride analogue shows a phase transition at 376 K [1] . These phases are denoted as phases I, II, III, and IV in the order of decreasing temperatures. The room temperature phase IV of 1,3-propanediammonium tetrabromocadmate(II) (1) is isostructural with the room temperature phase of the chloride analogue [3] , and (1) crystallizes orthorhombic, D 2 jjjPnma, Z-4. Crystallographic data are given in Table 1 [10] . Table 2 lists the positional coordinates and isotropic and anisotropic displacement parameters U eq and Ujj, respectively. In Fig. 1 the formula unit is drawn with the numbering of the atoms and the thermal ellipsoids. Figure 2 shows the projection of a half (0 < y < 1/2) of the unit cell along [010] onto the ac plane, Fig. 3 the projection of the unit cell along [100] onto the be plane. Cd is surrounded by six bromine atoms, and a nearly regular octahedron CdBr 6 is formed. Two bromines Br (2) are terminal atoms and four bromines Br (1) bridging atoms and shared with the neighboring octahedra which results in two-dimensional anion planes located at y = 0 and y = 1/2. As one expects, the distance Cd-Br (2) (269 pm) is somewhat shorter than the Cd-Br (1) distances (279 pm and 281 pm) as can be seen from 2+ are centered at the carbon atom C (1) and the distances N-C (2) and in (1) are equal (147 pm) within error (see Table 4 ) and they are within the range one expects for aliphatic C-C and N-C bond lengths; For example, for 1,3-propanediammonium dibromide and diiodide we have observed 150 < J(C-C)/pm < 154, 149 < fi?(C-N)/pm < 151 [11] , Six hydrogen atoms for one formula unit are able to form hydrogen bonds N-H •Br.
In Table 3 we have listed the hydrogen bond scheme for (1) (distances and angles). Each NH 3 group is connected to two different terminal Br (2) atoms and to one bridging Br (1) atom. 248.4 [
Cd-Br (1) Cd-Br (1 ' Cd-Br (2) Cd-Br (3) 
113.3 (14) 112 ( 
93(4)
C(1).C(2).C(3')
119.1(3) C(3).H(C3)
89 (5) C(D.n.H(N,1)
111 (5) C(2') and C(3'): 1 -JC, 1 -y, 1 -z.
The intramolecular (intraionic) distances are listed in Table 3 . In Fig. 4 the formula unit is sketched with the atomic numbering and the thermal ellipsoids of the atoms. The projection of the unit cell along [001 ] on to the ab plane is shown in Figure 5 . The Cd atom 103.9 (7) C ( 108.9 (7) The Table 3 . The coordination of the Cd atom is somewhere between the octahedral one in (1) and the isolated CdBr 4 tetrahedron. We have calculated the plane through the bridging atom Br ( 1) and the terminal atoms Br (2) and Br <3) (2x). The plane equation
the deviation of the atoms from the plane being less than 5 pm. The other Br (2) with deviations of the atoms from the plane of 0.2 pm. The cations are stacked along [ 100] and centered at JC = 0 and 1/2, and the anions are located between cation stacks, lying on planes parallel to the ac plane. The hydrogen bond scheme N-H -• Br is such that each of the six hydrogens is bonded to bromine atoms. Each of the three terminal bromines receives two hydrogen atoms whereas the bridging Br (1) has no connection to the NH ? + group.
Crystal Structure [n-H 3 C(CH 2 ) 2 NH 3 ] 2 CdBr 4 (3)
The highest temperature phase (phase I) of /7-propylammoniumtetrabromocadmate(II) (3) crystallizes orthorhombic, D^ -Cmca, Z = 4. For the lattice constants etc, see Table 1 , for the atomic coordinates and displacement parameters see Table 2 , and for the intramolecular (intraionic) distances see Table 3 . In Fig. 6 the formula unit is shown with atomic numbering and the thermal ellipsoids of the atoms. In Fig. 7 the projection of the unit cell along [100] onto the be plane is given, and in Fig. 8 the projection of the unit cell along [001] onto the ab plane. The Cd atom is located on an inversion center and on a mirror plane perpendicular to the a axis. The Cd atom is surrounded by six Br atoms and a nearly regular octahedron CdBr 6 is formed. Two bromines Br" 1 are terminal atoms in this octahedron, and four bromines Br (2) at edges join the neighboring octahedra making twodimensional anion planes located at y = 0 and y = 1/2. The Cd-Br (1) distance of 265 pm is shorter than the Cd-Br (2) distance of 283 pm. The cations are located between the anion layers and lie on the mirror plane perpendicular to the a axis. There is a non-bonded interaction between the methyl ends of the aliphatic chains which are packed to form successive layers along the b axis. The N (1) -C (2) and C (3) -C (4) distances are 144 and 150 pm, respectively. On the other hand, the C (2) -C (3) distance of 107 pm is chemically unrealistic and the thermal ellipsoid of the C (2) atom exhibits a large component parallel to the C <2) -C (3) bond. Similar features were found in [fl-C 3 H 9 NH 3 ] 2 CdCl 4 [2] and [n-C 4 H 9 NH 3 ] 2 CdCl 4 [12] , and are explained by the dynamic disorder caused by rotational motion of the aliphatic chains or the oscillation of carbon atoms. Six hydrogen atoms for one formula unit are able to form hydrogen bonds N-H-••Br. In Table 3 we have listed the hydrogen bond scheme for (3) (distances and angles). Each NH 3 group is connected to two different terminal Br (1) atoms and one bridging Br (2) atom.
Br NQR and Differential Scanning Calorimetry
To study the chemical bond M-Br in the solid phase, the molecular and crystal structures of the compounds of interest, and their phase transitions in the solid state, we have performed 79 ' 8l Br NQR as a function of temperature. In Fig. 9 the temperature dependence of the bromine NQR spectrum of (1) is shown. The spectrum of 79 Br(and of 81 Br) is a doublet in both phases IV and III. This is expected for the phase IV for which we report the crystal structure. In Table 5 we give the NQR frequencies at selected temperatures and the a x of the power series development of both 
The assignment of the NQR lines was done according to the frequency shifts by the deuteration of (1). The frequency shift of v-, is larger than that of z/,, as shown in Table 5 , and hence we assign the u 2 line to the terminal bromine atom Br <2) and v x to the bridging bromine atom Br (1) . This is because each Br (2) atom in the phase IV has two hydrogen bonds with the hydrogen atoms of the NH 3 + group, whereas Br (1 ' has a single N-H--Br hydrogen bond; therefore the deuteration frequency shift of the NQR line arising from Br (2) must be larger. The frequency-temperature curves changed continuously at 328 K, but the gradients of the curves changed discontinuously, suggesting that a second-order phase transition takes place. DSC measurement on (1) was done up to the melting point of 554 K to investigate the phase transitions. The results are listed in Table 6 [13] . The observed DSC curves suggest second-order character of the phase transition III^-TV at 328 K and first-order character of the other two transitions. Considering the results of 2 D NMR for the partially deuterated sample of (1), [D 3 N(CH 2 ) 3 ND 3 ]CdBr 4 [13] , jumping reorientation of the whole 1,3-propanediammonium ions takes place about their long axes among 3 or 4 orientations above the transition point of 328 K, because the transition entropy of the transition III^-TV, AS = 10.5 JK^'mol" 1 , is nearly equal to R In 3 = 9.13 or R In 4 = 11.5 JK _1 mol _1 . This motion gives rise to the dynamically-disordered cations in the crystal above 328 K, which results in the phase transition accompanied by the change of the hydrogen bond schemes, like in [NH 3 (CH 2 ) 3 NH 3 ]MnCl 4 [14] .
The 79 ' 8l Br NQR spectrum of (2) is shown in its temperature dependence in Fig. 10 , and frequencies at selected temperatures are given in Table 5 , which includes also the coefficients of (3). According to the crystal structure determined, a triplet spectrum should be observed for both isotopes, 7, Br and 81 Br. There is no phase transition in the temperature range between 77 and 350 K, although the v 2 line disappeared at 77 K and all NQR lines faded out above 350 K. With increasing temperature the ZA line appeared at 85 K and then gradually its intensity increased. The intensity ratio of the NQR lines at 273 K was 1:2:1 in order of decreasing frequency. We can assign the NQR lines to the Br atoms in the crystal of (2) according to this intensity ratio and the theory of the electric field gradients which results in the relation v =/(l/<7 3 ) [5] , In such a simple approach, the shortest Cd-Br distance would correspond to the highest 81 Br NQR frequency, the longest distance to the lowest frequency line. Therefore, z/, could be assigned to Br (1) , v 2 t0 Br <3 \ and u 3 to Br <2) . As shown in Table 3, Br (3) and Br (2) form hydrogen bonds with NH 3 + groups and as shown in Fig. 10 , u 2 and z/ 3 show positive temperature dependences, in contrast to the normal temperature dependence expected from the Bayer theory [15] . We consider that these positive temperature dependences are due to the hydrogen bonds, as observed in several other cases [16] . The hydrogen bond will lower the Br NQR frequency because of the opposite contribution of the electric field gradient (EFG) at the Br atom created by the H Br hydrogen bond and created by the Cd-Br bond. Some molecular motion will be activated with increasing temperature and then the breakage of the hydrogen bond will lead to the increase in the Br NQR frequency.
The 79,81 Br NQR spectra of (3) are also reported here; the data are given in Table 5 , and v = f(T) is shown in Figure 11 . Two NQR lines were observed between 77 and 109 K and above 208 K. The assignment of NQR lines in the same way for (1) is difficult because the deuteration frequency shifts for two NQR lines are of the same magnitude; the NQR frequencies for the partially deuterated sample [n-H 3 C(CH,) 2 a) The temperature was determined by DTA measurement. one of two types of structures, either the perovskite type layer structure or the isolated tetrahedral anion structure. For example, [CH 3 NH 3 ] 2 CdBr 4 has an isolated tetrahedral anion structure [18] , and the present report is concerned with layer structures of (1) and (3). All of ZnX 4 2~( II) (X =C1, Br) complexes show isolated anion structures without exception [19] , What are the driving forces for the polymerization of the complex M(Hal) 4~( II)? One such force is the bridging power between the halogen atom and the central M(II) atom. We suppose that there is ordinarily a stronger tendency of the CI atom to form bridging bonds than of the Br atom, and that there is little tendency between halogen and Zn(II) atoms, on the other hand, Fe(II), Cu(II), Mn(II) complexes show a strong tendency toward forming bridges. The second parameter influencing the condensation of anions seems to be the size of the cation, and the third one the formation of hydrogen bonds between NH 3 groups of the cation and the halogens of the anion, because [N(CH 3 ) 4 ]MX 4 (M=Mn, Fe, Co, Ni, Cu, Zn, Cd, Hg) has an isolated tetrahedral anion structure in general. The interplay of these parameters determining structures is not clear yet, and we need still more experimental work (structural and NQR) to elucidate it.
The CdBr 4 2~ salts of (1) and (3) 
